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INTRODUCTION 


The  purpose  of  this  study  was  to  develop  bench  and  pilot 
scale  adsorption  data  on  selected  grades  of  coal  based 
granular  activated  carbon  (GAC)  to  identify  and  select 
sources  of  GAC  for  competitive  procurement  for  the  Rocky 
Mountain  Arsenal  (RMA)  North  Boundary  Treatment  Project/ 

A  test  plan  setting  forth  each  phase  of  the  work  to  be  ' 
performed  was  prepared  and  submitted  to  RMA  on  September 
30,  1980.  Items  identified  for.  study  during  the  first  phase 
(Task  1-Alternate  Carbon  Source  Study)  included  selecting 
carbons  for  evaluation,  developing  adsorption  isotherms  for 
those  carbons  and  obtaining  dynamic  adsorption  data  in  pilot 
scale  carbon  columns.  The  test  work  was  to  be  performed  by 
R/H  at  RMA  facilities  with  assistance  from  and  chemical 
analyses  provided  by  RMA.  An  Interim  Report  summarizing 
the  results  of  preliminary  carbon  source  screening  efforts, 
adsorption  isotherm  testing  and  results  of  laboratory  reacti¬ 
vation  of  four  samples  of  spent  granular  activated  carbon 
was  submitted  to  RMA  on  January  30,  1981.  This  Report 
includes  the  results  of  all  studies  conducted  under  Task  1 
of  the  project.  Based  on  the  results  presented  herein,  a 
GAC  product  will  be  selected  from  those  tested  for. Task  2- 
ACtivated  Carbon  Pilot  Plant  Adsorption  and  Reactivation 
Studies. 
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SELECTION  OF  GAC  PRODUCTS  FOR  TESTING 


The  manufacturers  of  GAC  in  the.  United  States  are: 


Manufacturer . 

(and  Parent  Company) 

.  GAC  Production 

Capacity  (million  #/Yr . ) 

Raw 

Material 

0  Barneby  Cheney 

(Pennwalt) 

3 

Miscellaneous 

°  Calgon 

60 

Coal 

°  Carborundum 

• 

(Kennecott) 

20 

Coal 

°  ICI  -  US 

(Imperial  Chemical 

Industries) 

40 

Lignite 

°  Pacific  Carbon 

3 

Wood 

0  Union  Carbide 

8 

Acid  Sludge  Coke 

°  Westvaco 

30 

Coal  or  Wood 

°  Witco 

3 

Acid  Sludge  Coke 

The  intended  use  of  GAC  at  the  RMA  north  boundary  and  other  future 
locations  is  to  utilize  counter-current  adsorption  systems  with 
hydraulic  transport  between  adsorbers  and  storage  area.  Also  there 
is  a  potential  future  requirement  of  thermal  reactivation. 

The  GAC  to  be  tested  in  this  program  should  possess  sufficient  . 
physical  strength  and  the  proper  particle  size  to  exhibit  low 
head  loss  in  the  adsorbers  and  to  withstand  hydraulic  transport 
procedures.  Experience  in  industrial  facilities  indicate  that 
coal,  coconut  and  acid  sludge. coke  based  carbons  possess  a 
structural  strength  which  provides  a  minimum  loss  of  carbon  due 
to  attrition  in  handling.  Of  these,  the  coconut  and  acid  sludge 
coke  based  materials  are  typically  used  in  vapor  phase  applications 
and  carry  a  higher  price. 

Coal  based  carbons  offer  both  low  price  and  good  physical  strength. 
Westvaco,  Calgon  and  Carborundum  offer  various  grades  of  coal 
based  GAC.  A  12x40  mesh  particle  size  GAC  matches  RMA  adsorber 
requirements. 
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Those  products  which  were  selected  for  testing  are: 
Westvaco  WV-L 
Calgon  PS-400 
Carborundum  GAC  40 

Copies  of  Specification  Sheets  on  these  products  can  be 
found  in  Appendix  A. 


3 


ADOSRPTION  ISOTHERM  TESTING 


A.  Experimental.  Objectives 

The  objectives  of  developing  activated  carbon  adsorption 
isotherm  data  for  the  north  boundary  ground  water  were  to 
determine  the  relative  adsorption  capacities  of  the  tested 
carbons  for  the  organic  materials  in  the  water,  compare  the 
degree  to  which  each  material  is  removed  and  to  determine 
whether  the  adsorption  of  the  material  is  enhanced  by  adsorbing 
at  a  higher  or  lower  pH  of  water. 


B.  Experimental  procedures 

1.  Ground  Water  pH  Adjustment.  A  sample  of  untreated  ground 
water  at  pH  7.8  was  obtained  at  the  north  boundary  well  water 
sump  for  use  in  developing  a  pH  titration  curve.  A  500  ml 
sample  was  stirred  and  sulfuric  acid  or.  sodium  hydroxide  solu¬ 
tions  (0.5%)  were  added  dropwise.  Sulfuric  acid  was  added  to 
the  first  sample  and  the  amounts  required  to  bring  the  pH  to 
7.0,  6.0,  5.0  and  4.0'  were  recorded.  The  sample  was  then 
titrated  back  to  the  original  value  by  adding  0.5%  NaOH.  The 
required  amounts  were  recorded  to  pH  5.0',.  6.0,  7.0  and  7.8. 

Caustic  soda  was  added  to  a  second  500  ml  sample  and  the  quan¬ 
tity  required  to  obtain  pH  8.0,  9.0  and  10  was  recorded. 

The  resulting  acid  and  caustic:  soda  titration  curves  are  shown 
in  Figures  1  and  2. 

2.  Adsorption  Isotherm.  Tests.  The  three  granular  activated 
carbons  selected  from  the.  screening  process  were  pulverized 

in  accordance  with  standard  procedures  as  described  in  Appendix 
B.  Water  for  the  tests  was  collected  at  the  north  boundary 
barrier  system  untreated  water  sump..  Prior  to  starting  the 
tests,  the  water  was  filtered  through  glass  fiber  filters. 

Five  gallon,  volumes  of  water  were  used  for  pH  adjustment  to 
provide  enough  water  for  all  carbons  at  each  pH  value.  The 
isotherms  were  run  at  pH  7.8  (unmodified) ,  9,6  and  4. 

A  weighed  quantity  of  pulverized  carbon  and  800  ml  of  water 
were  placed  in  each  of  seven  one-liter  flasks  and  fastened 
to  a  Burrell  wrist  action  shaker.  An  eighth  flask  containing 
water  but  no  carbon  was  also  attached  to  the  shaker  as  a  "blank". 
The  flasks  were  then  agitated  for  three  hours.  After  agitation, 
the  liquid  was  filtered  through  glass  fiber  filters  and  delivered 
to  the  laboratory  for  analysis. 
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10.0 


NORTH  BOUNDARY  GROUND  WATER  H2S04  TITRATION  CURVE 


C.  Experimental  Results 

Analytical  data  resulting  from  the  first  isotherm  test  samples 
were  unsuitable  for  calculating  the  isotherm  curves.  The  test 
work  was  repeated  after  the  analytical  procedures  and  equipment 
were  examined  and  improved. 

The  raw  analytical  data  resulting  from  the  adsorption  isotherm 
procedures  are  listed  in  Appendices  C-l,  C-2  and  C-3  for  Westvaco, 
Carborundum  and  Calgon  carbons  respectively.  Those  values  for 
organic  concentrations  are  reported  on  a  manually  calculated 
basis  in  Appendix  C-3  and  on  a  computer  generated  basis  in 
Appendices  C-l  and  C-2.  Computer  generated  data  have jjl g/1 
minimum  values  of  10 /*g/l  DIMP,  0.20  jx g/1  DBCP  and  20  yu.g/1 
DITH,  OXAT,  CPMSO ,  CPM02 ,  and  PCPMS.  Comparison  of  data  for 
the  three  carbons  below  the  minimum  values  are  considered  in¬ 
significant.  The  data  are  presented  graphically  in  Figures  3 , 

4  and  5 . 

Seven  organic  compounds  were  analyzed  and  all  but  DIMP  were 
removed  with  the  lowest  carbon  dosage.  This  is  consistent  with 
previous  north  boundary  water  testing  experience  and  the  fol¬ 
lowing  observations  are  therefore  based  upon  DIMP  removal. 

DIMP  was  removed  most  effectively  at  a  pH  of  9  and  least  effec¬ 
tively  at  a  pH  of  4  for  all  three  carbons  under  evaluation. 

The  slopes  of  the  curves  for  Westvaco  and  Calgon  carbons 
(Figures  3  and  5)  are  slightly  greater  than  the  Carborundum 
carbon  (Figure  4)  indicating  a  greater  sensitivity  to  DIMP 
concentration . 

The  highest  weight  pickup  at  influent  concentrations  resulted 
with  the  Westvaco  carbon  at  a  pH  of  9.  The  least  weight  pick¬ 
up  at  influent  concentration  was  exhibited  by  the  Calgon 
material  at  a  pH  of  4 . 

The  data  clearly  indicate  that  higher  pH  values  result  in 
greater  affinity  of  DIMP  for  all  three  carbons.  However, 
the  difference  in  capacity  at  pH  9  compared  to  pH  7.8  (ambient) 
is  not  significant  and  pH  adjustment  costs  are  not  justified. 

Consequently  all  three  carbons  were  tested  in  the  pilot  columns 
testing  program  using  north  boundary  water  at  ambient  pH. 


WEIGHT  PICKUP,  DIMP  WEIGHT  PICKUP,  DIMP  WEIGHT  PICKUP,  DIMP 

M9  Adsorbed  per  gm  Adsorbent  \ig  Adsorbed  per  gm  Adsorbent  pg  Adsorbed  per  gm  Adsorber 


FIGURE  3  -  Adsorption  Iso-  arm 
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FIGURE  4  -  Adsorption  Isotherm 

Carborundum  GAC  (pulverized) 
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FIGURE  5  -  Adsorption  Isotherm 
Calgon  FS  400 
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GRANULAR  ACTIVATED  CARBON  COLUMN  STUDIES 

A.  Experimental  Objectives 

The  objective  of  these  studies  was  to  compare  the  three  carbons 
for  DIMP  removal  from  north  boundary  ground  water  under  dynamic 
flow  conditions.  At  various  contact  times,  these  data  will 
establish  carbon  exhaustion  rates  (pounds  used  per  gallon  of 
water  treated)  and  determine  minimum  contact  time  required  to 
reach  effluent  quality  objectives. 

B.  Experimental  Equipment  and  Procedures 

A  flow  diagram  for  the  carbon  column  studies  is  shown  in  Figure  6. 
The  flow  rate  was  controlled  at  0.27  gallons  per  minute  to  achieve 
3.75  minutes  contact  time  per  foot  of  carbon  bed  depth  (30  minutes 
total  @  8'  depth).  A  valve  was  installed  above  the  rotameter  at 
the  inlet-  to  the  lead  column  in  each  series  to  manually  bleed  off 
any  air  which  may  accumulate  in  the  line.  A  sand  filter  was  used 
to  filter  the  ground  water  ahead  of  the  pilot  carbon  columns  to 
avoid  filtering  solids  in  the  carbon  columns  which  would  inter¬ 
fere  with  the  column  operation  and  data  gathering.  A  control 
column  was  operated  without  pre-filtration  to  evaluate  the  need 
for  filtration  in  a  full-scale  treatment  facility. 

The  column  studies  were  initiated  on  January  15,  1981  and  were 
continued  until.  May  26  when  it  was  confirmed  that  all  the  carbon 
was  exhausted. 

Water  samples  were  collected  three  times  per  week  (Monday, 

Wednesday  and  Friday)  at  the' sand  filter  inlet,  sand  filter 
outlet,  and  the  discharge  from  each  carbon  column.  All  samples 
were  analyzed  for  TOC,  pH,  and  DIMP. '  In  addition,  the  samples 
collected  each  Friday  were  analyzed  specifically  for  organic 
sulfur  compounds,  DCBP  and  pesticides.  When  the  carbon  in  the 
first  column  of  each  series  was  exhausted,  sampling  of  the  effluent 
from  that  column  was  discontinued. 

C.  Experimental  Results 

All  the  data  resulting  from  the  GAC  pilot  studies  are  presented 
in  Appendix  D. 

Untreated  groundwater  quality  data  is  shown  in  Appendix  D-l. 

Of  the  various  organic  species  in  this  water,  DIMP  was  again  found 
in  the  highest  concentration  with  a  maximum  observed  value  of  1130 
mg/1.  Therefore  a  DIMP  concentration  of  500  mg/1  was  selected  as 
the  effluent  breakthrough  point  at  which  the  carbon  treatment 
process  was  terminated  for  each  GAC  product  under  test.  Through¬ 
out  the  testing  period  TOC  ranged  from  <5  to  13  mg/1  and  pH  from 
6 . 8  to  8 . 1 . 
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ANULAR  ACTIVATED  CARBON 
PILOT  COLUMNS 
FLOW  DIAGRAM 
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Appendices  D-2,  D-3  and  D-4.  summarize  data  on  effluent  quality 
for  Carborundum  GAC-40,  Westvaco  WV-L  and  Calgon  Service  Carbon 
products  respectively.  These  data  are  also  shown  graphically 
in  Figures  7 ,  8  and  9.  For  each  GAC  product  the  Figures  ref lect 
effluent  data  at  contact  times  of  7.5,  15  and  30  minutes.  From 
these  data  it  can  be  seen  that  the  volume  of  water  treated  per 
cubic  foot  of  carbon  is  nearly  identical  for  each  contact  time. 
Thus  contact  times  above  7.5  minutes  do  not  appear  to  reduce  GAC 
dosage  rates  per  gallon  of  water  treated  for  the  removal  of  DIMP. 
Overall  organic  reduction  may  be  enhanced  with  contact  times  in 
excess  of  7.5  minutes  but  the  data  is  incomplete  in  this  regard. 

Figure  10  compares  all  three  GAC  products  at  30  minute  contact 
times.  As  can  be  seen  the  Carborundum  GAC-40  and  Westvaco  WV-L 
performed  nearly  identical  and  treated. about  39,000  gallons  of 
water  before  DIMP  breakthrough.  This  volume  represents  a  carbon 
dosage  of  0.84  pounds  per  1000  gallons.  The  Calgon  Service 
Carbon  treated  26,000  gallons  of  water  which  results  in  a  carbon 
dosage  of  1.26  pounds  per  1000  gallons. 

Figure  11  shows  the  same  comparison  between  Calgon  Service  Carbon 
and  GAC-40  and  WV-L  on  the  basis  of  grams  of  DIMP  removed.  The 
Calgon  product  removed  75  grams  of  DIMP  while  the  Carborundum 
and  Westvaco  GAC  products  removed  120  grams  during  the  testing 
period.  Complete  data  is  listed  in  Appendix  E. 

Appendix  D-4  shows  the  results  of  adsorption  data  in  a  single 
two-foot  deep  bed  of  Carborundum  GAC-40  which  was  operated  as 
the  other  columns  but  without  pre-filtration.  Throughout  the 
period  of  column  operation  there  was  no  .evidence  of  solids  build 
up  in  the  column  treating  unfiltered  water  and  headloss  did  not 
increase.  The  DIMP  removal  efficiency  was  comparable  to  that 
of  the  other  pre-filtered  columns  containing  the  Carborundum 
and  Westvaco  carbons. 

Algae  growth  in  the  sand  filter  necessitated  backwashing  of  the 
filter  once  each  week  to  prevent  blinding  at  the  surface.  How¬ 
ever,  the  same  phenomenon  was  not  observed  in  the  unfiltered 
carbon  column. 

Shortly  after  starting  the  carbon  adsorption  column  tests,  air 
was  observed  within  the  carbon  bed  of  the  last  column  of  each 
three-column  series.  Several  unsuccessful  attempts  to  prevent 
the  air  from  accumulating  were  made  by  periodically  opening  the 
air  bleed-off  valve  at  the  first  column  inlet.  Dissolved  oxygen 
(D.O. )  readings  taken  intermittently  indicated  a  D.O.  level  of 
3.5-5. 0  mg/1  at  the  sand  filter  inlet,  sand  filter  outlet  and 
carbon  column  outlet.  There  was  no  pattern  of  D.O.  increase  or 
decrease  at  any  point  in  the  process. 
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CARBORUNDUM  GAC-40 
WEST  VACO  WV-L 


GRAMS  OF  DIMP  REMOVED  vs.  VOLUME  OF  GROUNDWATER  TREATED 


CONCLUSIONS 


1.  There  are  three  domestic  manufacturers  of  coal  based 
granular  activated  carbon  which  would  be  suitable  for 

use  at  the  RMA  North  Boundary  Treatment  Project:  Westvaco, 
Calgon  and  Carborundum. 

2.  Dynamic  column  breakthrough  tests  indicated  that  Westvaco 
WV-L  and  Carborundum  GAC-40  products  were  equal  in  perform¬ 
ance  and  significantly  better  than  Calgon  Service  Carbon. 

3.  Bench  scale  adsorption  isotherm  tests  indicated  that  pH 
modification  of  the  groundwater  would  not  be  cost  effective. 

4.  Filtration  testing  indicated  that  filtration  equipment  is 
not  likely  to  be  needed  in  the  full  scale  plant. 

5.  Carbon  dosage  rates  for  DIMP  breakthrough  at  500  yug/1  on 
North  Boundary  groundwater  is  projected  to  be  0.84  pounds 
per  1000  gallons  of  water  treated. 
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■  APPENDIX  A-l 


Product  Data 
Bulletin  G-102 


Nuchar. 


Description  and  Typical  Applications 

Nuchar  WV-G  is  a  hard,  regenerable,  granular  activated  carbon  produced  from  selected  grades  of 
bituminous  coal.  The  pore  structure  has  been  carefully  controlled  to  provide  a  broad  spectrum  of 
pore  sizes  with  a  predominant  number  in  the  macro  and  transitional  range.  This  wide  range  of  pore 
sizes  makes  this  carbon  highly  effective  for  the  adsorption  of  both  high  and  low  molecular  weight 
organics.  It  is  particularly  effective  for  the  adsorption  of  large  amounts  of  high  molecular  weight 
substances.  The  properties  of  Nuchar  WV-G  12x40  make  it  applicable  in  chemical  and  pharmaceutical 
purification  and  processing,  for  the  removal  of  organics  from  potable  water  and  for  municipal  and 
industrial  wastewater  treatment. 

The  density  and  particle  size  distribution  make  Nuchar  WV-G  well-suited  for  packed-bed  adsorption 
applications.  Its  high  resistance  to  abrasion  results  in  minimum  losses  during  thermal  regeneration  and 
mechanical  handling.  It  can  be  used  in  either  fixed  or  moving  bed  processes. 

Nuchar  WV-G  12x40  can  normally  be  regenerated  by  thermal  reactivation.  In  some  cases  it  can  be 
regenerated  by  chemical  treatment  or  steaming  in  place. 


Specifications* 

Abrasion  Number  (Ro-Tap) 

75  min 

Iodine  Number  (m g/g) 

1050  min 

Surface  Area  (Nitrogen  BET  Method)  (m-/g) 

llOOmin 

Molasses  Decolorizing  Index 

8.0  min  i 

Moisture,  as  packed  ( % ) 

2.0  max 

Water  Solubles  ( % ) 

1.0  max 

Particle  Size  (U.S.  Sieve  Series) 

12x40 

Oversize  ( % ) 

8.0  max 

Undersize  ( % ) 

5.0  mfly 

Uniformity  Coefficient 

1.8  max 

Typical  Properties*"!- 


Apparent  Density  (lb/cu  ft) 

Apparent  Density  (kg/m3) 

Bed  Density,  Backwashed  and  Settled  (lb/cu  ft) 
Bed  Density,  Backwashed  and  Settled  (kg/m;!) 
Effective  Size  (mm) 

Mean  Particle  Diameter  (mm) 

Particle  Density,  Wetted  in  Water  (g/cm;1) 
Voids  in  Packed  Bed  ( % ) 

Backwashed  and  Settled 
Poured  Dry  Fill 


27-29 

433-465 

24-26 

385-417 

0.55-0.75 

0.90-1.20 

1.30-1.40 

45-55 

40-45 


•Specifications  and  typical  property  data  using  Westvaco  procedures. 

fTypical  properties  are  for  general  information  and  are  not  to  be  construed  as  purchase  specifications. 


APPENDIX  A-l  (Cont'd.) 


Packaging 

Nuchar  WV-G  is  shipped  in  bulk  trucks,  bulk  rail  cars,  bulk  boxes,  or  in  multiwall  paper  bags  in 
telescoping,  corrugated  boxes.  The  bulk  boxes  and  bags-in-a*box  are  shipped  on  nonretumable, 
wooden  pallets  with  four-way  double  entry. 


Pressure  Drop  Characteristics 

The  pressure  drop.per  foot  of  back- 
washed  and  settled  bed  depth  is 
presented  in  Figure  1  for  various 
superficial  velocities  treating  water  at 
25°C.  For  other  conditions  the  pressure 
drop  may  be  calculated  from  the 
equation: 

,  K  y  V,L  1 
f_  g  (d  so) 2 
where: 

hr  =  head  loss  due  to  friction 
(ft  of  H-jO) 

K  =  a  constant  equal  to  550 
v  =  kinematic  viscosity  (sq  ft/sec) 
V,  =  superficial  velocity  (ft/sec) 

L  =  backwashed  and  settled  bed 
depth  (ft) 

d5o  =  mean  particle  diameter  (ft) 
g  =  acceleration  due  to  gravity 
(32.2  ft/sec2) 


2  4  6  8  10 

Superficial  Velocity  (gpm/sq  ft) 


Backwash  Characteristics 

The  bed  expansion  achieved  at  various 
backwash  rates  is  shown  in  Figure  2  for 
water  at  25'C  (77'F) .  The  expansion  is 
expressed  as  a  percentage  of  the 
backwashed  and  settled  bed  depth. 


CAUTION:  Never  enter  tanks  or  other  confined 
areas  containing  wet,  activated  carbon.  Wet.  ac¬ 
tivated  carbon  will  adsorb  oxygen  and  asphyx¬ 
iation  may  result. 


O  C. 


V; 


Chemical  Division 


Carbon  Department 
Covington,  Virginia  24426 
(703)  962-1121 
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The  Carborundum  Company 
Activated  Carbon  Division 
P.O.  Box  1054 

Niagara  Fails,  New  York  14302 
Telephone  716/278-6363 

A  Kmintxxjri  Company 

i 


Carborundum- 
Granular 
Activated  Carbon 


Carborundum  GAC  40 
Water  and  Waste  Water 
Treatment  Granular  Carbon 

Product  Description 
Carborundum  Granular  Activated 
Carbon  is  made  from  a  select  grade  of 
coal  which  is  sized,  milled,  compacted, 
and  thermally  activated  to  yield  a  strong, 
dense  product  with  a  large  surface  area. 
The  pore  structure  is  carefully  controlled 
under  rigid  process  conditions  to  facili¬ 
tate  adsorption  of  both  high  and  low 
molecular  weight  organic  impurities 
from  water.  Readily  wettable.  the 
activated  product  does  not  float  and  its 
high  density  permits  efficient 
backwashing  under  conventional  flow 
rate  conditions. 

Typical  Applications 
Carborundum  GAC  40  is  specially 
produced  with  a  broad  range  of  pores 
capable  of  adsorbing  a  variety  of 
molecular  weight  organics  from  water  . 
and  waste  waters.  GAC40's  particle  size 
distribution  is  such  that  it  can  also 
perform  as  a  filter  to  remove  suspended 
solids  which  can  be  readily  backwashed 
from  the  carbon  granules.  The  carbon’s 
resistance  to  attrition  allows  it  to  be 
hydraulically  transported  from  the 
adsorption  vessel  to  be  thermally 
regenerated  and  returned  with  minimal 
losses. 


GAC  40 _ _ 

U.S.  Standard  Series 
Sieve  Size— 12x40 
Greater  than  No.  12 
Less  than  No.  40 
Iodine  Number— mg/g 
Abrasion  Number  (Ro-Tap) 
Mean  Particle  Diameter — mm 
Moisture  Content 


Specification 


5%  max. 
5%  max. 
1000  min. 
75  min. 
0.9— 1.1 
2.0%  max. 


Average 

Values* 


Typical  Properties* 

Total  Surface  Area  (N2  BET  Method)— m2/g 
Apparent  Density  —  lb/fta 
g/cm3 

Backwashed  and  Drained  Density— lb/ ft3  ■ 

g/cm3 

Effective  Size — mm 

Particle  Density  Wetted  in  H20— g/cm3 

Uniformity  coefficient _ 

•For  general  informal  ion  and  nol  lo  be  used  as 
purchase  specifications. 


Value* 

1000  —  1100 
29 
0.47 
25 
.40 
0.60 
1.35 

1.90  or  less 


The  information,  recommendations,  and  opinions  set 
forth  herein  are  offered  solely  for  your  consideration, 
inquiry  and  verification  and  are  not.  in  part  or  total,  to 
be  construed  as  constituting  a  warranty  or  represents- 
tion  for  which  we  assume  legal  responsibility.  Nothing 
contained  herein  is  to  be  interpreted  as  authorization 
to  practice  a  patented  invention  without  a  license. 


Form  A-l  1.021 
KTfeclivK  5/79 

®U)79  The  Carhnrundum  Company 
All  Rights  Reserved 
Ihigii  1  uf  1 
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APPENDIX  A- 3 


APPENDIX  A- 3  '(Cont.d. ) 


PORE  STRUCTURE 

The  pore  structure  of  Type  CAL  Carbon  is  illus¬ 
trated  at  the  right,  where  cumulative  pore  volume 
is  plotted  against  pore  diameter.  Correlation  stud¬ 
ies  have  shown  that  adsorption  capacity  is  deter¬ 
mined  in  part  by  total  pore  volume  and  pore  size 
distribution.  Decolorizing  power  is  derived  pri¬ 
marily  from  those  pores  within  the  20  to  100  Ang¬ 
strom  Unit  range.  Type  CAL  Carbon,  as  shown  at 
the  right,  has  a  high  percentage  of  its  total  pore 
volume  in  this  important  range,  as  well  as  suffi¬ 
cient  smaller  pores  for  the  adsorption  of  odor  mol¬ 
ecules. 

In  addition,  each  granule  of  Type  CAL  is  com¬ 
pletely  permeated  by  a  system  of  large  macro¬ 
pores  which  serve  as  avenues  for  the  rapid  diffu¬ 
sion  of  color  bodies  to  the  small  pore  surfaces. 
This  enhances  both  adsorption  and  reactivation 
characteristics. 

PRESSURE  DROP  CHARACTERISTICS 

Pressure  drop  per  foot  of  bed  depth  for  Type  CAL 
Carbon  can  be  read  at  the  right  for  varying  flow 
rates  at  two  different  viscosity  levels.  The  0.8 
centipoise  line  corresponds  to  water  at  72°  F, 
while  the  8.1  centipoise  line  is  equivalent  to  a 
63.5  Brix  sugar  solution  at  170°  F.  These  data 
were  obtained  in  downflow  column  operation  with 
a  normal  packing  arrangement  in  which  the  car¬ 
bon  was  pre-soaked  in  hot  liquid  and  charged  to 
the  column  as  a  slurry.  The  bulk  density  of  the 
charged  carbon  was  calculated  to  be  approximate¬ 
ly  25  lb/ft’1. 

REACTIVATION 

In  those  applications  where  the  volume  of  carbon 
in  service  is  large,  further  savings  can  be  realized 
through  the  reactivation  of  Pittsburgh  CAL  for 
continued  use  in  repeated  cycles.  Partial  reactiva¬ 
tion  can  sometimes  be  accomplished  by  chemical 
treatment  without  removing  the  carbon  from  the 
columns.  In  other  cases,  it  is  more  satisfactory  to 
use  high  temperature  processing  equipment  such 
as  the  Herreshoff  multiple-hearth  furnace  or 
direct-fired  rotary  kilns.  Equipment  of  this  type  is 
maintained  at  our  Pittsburgh  plant  in  order  to 
provide  reactivation  service  at  a  nominal  cost. 


For  samples  and  technical  information  write  or  call: 

PITTSBURGH  ACTIVATED  CARBON 

DIVISION  OFCALGON  CORPORATION 
SUBSIDIARY  OF  MERCK  &  CO.,  INC. 

CAlGON  CENTER,  BOX  1346,  PITTSBURGH,  PA.  15230 

(412)923-2345 


20  40  60  80  100  200  400  600  1000 

Pore  Diameter,  Angstrom  Units 


2  .3  4  .5  .6  .8  1.0  2 

Superficial  Velocity,  gpm/ft* 
(Gallons  Per  Minute  Per  Square  Foot  of  Bed  Area) 


APPENDIX  B 


ADSORPTION  ISOTHERM  PROCEDURE 

1.  Pulverize  a  representative  sample  of  the  granular  carbon 
(a  25-30  gram  sample  is  usually  adequate)  so  that  95  wt.% 
will  pass  through  a  325  mesh  screen.  Oven-dry  the  pulverized 
sample  for  three  hours  at  150°F. 

2.  Obtain  a  representative  sample  of  the  liquid  to  be  tested. 

Any  suspended  matter  should  be  removed  by  filtration. 

3.  From  the  oven-dried  pulverized  sample,  weigh  out  the  carbon 
samples  on  an  analytical  balance  and  transfer  the  weighed 
samples  to  suitable  shaker  flasks.. 

4.  Measure  800  ml  of  well  water  into  each  flask.  After  manually 
swirling  to  make  certain  all  the  carbon  is  wetted,  clamp  each 
flask  on  the  shaker.  Also  place  800  ml  of  well  water  in  a 
flask  without  carbon  (this  will  serve  as  the  "blank"  or  control 
sample)  and  place  it  on  the  shaker  with  the  other  flasks. 

Agitate  all  the  flasks  at  the  desired  temperature  for  three 
hours.. 

5.  After  the  required  contact  time  has  elapsed,  separate  the 
carbon  from  the  liquid  by  filtering  through  a  0.45  um  filter. 

6.  Determine  the  residual  adsorbate  in  solution  for  each  of 

the  samples  by  the  appropriate  method  for  detecting  that  partic¬ 
ular  material. 

7 .  Record  the  data  and  plot  the  results  on  the  Adsorption  Iso¬ 
therm  Test  Data  Sheet.  (R/H  form  9/80) 
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ROCKY  MOUNTAIN  ARSENAL 
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APPENDIX  D-  4  (Continued) 
ACTIVATED  CARBON  PILOT  PLANT  TEST  DATA 
CALGCN  SERVICE  CARBON 
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ACTIVATED  CARBON  PILOT  PLANT  TEST  DATA 
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APPENDIX  D-  5 

ACTIVATED  CARBON  PILOT  PLANT  TEST  DATA 
CARBORUNDUM  GAC-40  (NO  PRE  FILTER) 


APPENDIX  E-l 

DIMP  REMOVAL  W  CARBORUNDUM  GAC-40 


INITIAL  FINAL 

CONCEN.  CONCEN.  GRAMS  REMOVED 


DATE 

FLOW 

AVG.  gg/1 

q  IN 

pjg/i 

g  OUT 

INCE^EMENTAL 

CUMULATIVE 

1/16 

1 

1,199 

813 

0.975 

<10 

0 

0.975 

0.975 

2/17 

42,945 

903 

38.78 

<10 

0 

38.78 

39.755 

2/25 

8,690 

782 

6.796 

<10 

0 

6.796 

46.551 

2/27 

3,020 

851 

2,570 

<10 

0 

2.570 

49.121 

3/2 

4,190 

968 

4.056 

<10  . 

0 

4.056 

53.177 

3/9 

8,592 

869 

7.466 

<10 

0 

7.466 

60.643 

3/11 

2,657 

808 

2.147 

<10 

0 

2.147 

62.79 

3/13 

2,975 

818 

2.434 

<10 

0 

2.434 

65.224 

3/17 

3,331 

804 

2.678 

12.2 

0.041 

2.637 

67.861 

3/20 

4,421 

823 

3.638 

<10 

0 

3.638 

71.499 

3/23 

2,608 

854 

2.227 

<10 

0 

2.227 

73.726 

3/27 

5,791 

862 

4.992 

18 

0.104 

4.888. 

78.614 

3/30 

4,160 

837 

3.482 

17 

0.071 

3.411 

82.025 

4/1 

2,941 

813 

2.391 

25.8 

0.076 

2.315 

84.34 

4/3 

2,608 

814 

2.123 

45.1 

0.118 

2.005 

86.345 

4/6 

3,486 

849 

2.960 

33.7 

0.117 

2.843 

89.188 

4/8 

2,479 

887 

2.199 

51.4 

0.127 

2.072 

91.26 

4/13 

2,854 

856 

2.443 

38 

0.108 

2.335 

93.595 

4/15 

2,078 

857 

1.781 

86 

0.179 

1.602 

95.197 

4/17 

2,388 

842 

2.011 

47.7 

0.114 

1.897 

97.094 

4/20 

3,554 

831 

2.953 

49.8 

0.177 

2.776 

99.87 

4/24 

5,575 

876 

4.884 

153 

0.853' 

4.031 

103.901 

4/27 

4,054 

847 

3.434 

199 

0.807 

2.627 

106.528 

4/29 

2,721 

820 

2.231 

178 

0.484 

1.747 

108.275 

5/1 

2,888 

804 

2.322 

182' 

0.526 

1.796 

110.071 

5/4 

4,663 

812 

3.786 

232 

1.082 

2.704 

112.775 

5/6 

2,695 

848 

2.285 

308 

0.830 

1.455 

114.23 

APPENDIX  E-2 

DIMP  REMOVAL  BY  WESTVACO  WV-L 


\ 


initial  final 

OONCEN.  CONCEIT .  GRAMS  REMOVED 


DATE 

FLCW 

AVG.  pg/1 

q  IN 

g  OUT 

INCREMENTAL 

CUMULATIVE 

1/16 

1 

1,154 

813 

0.938 

<10 

0 

0.938 

0.938 

2/17 

44,534 

903 

40.214 

<10 

0 

40.214 

41.152 

2/20 

3,198 

760 

2.430 

<10 

0 

2.430 

43.582 

2/25 

8,357 

780 

6.518 

<10 

0 

6.518 

50.10 

2/27 

2,843 

851 

2.419 

<10 

0 

2.419 

52.519 

3/2 

4,678 

968 

4.528 

<10 

0 

4.528 

57.047 

3/9 

7,271 

869 

6.318 

<10 

0 

6.318 

63.365 

3/11 

3,126 

809 

2.529 

<10 

0 

2.529 

65.894 

3/13 

.2,858 

818 

2.338 

<10 

0 

2.338 

68.232 

3/17 

3,202 

804 

2.574 

<10 

0 

2.574 

70.806 

3/20 

4,141 

824 

3.412 

<10 

0 

3.412 

74.218 

3/23 

5,038 

854 

4.302  . 

11 

0.055 

4.247 

78.465 

3/25 

2,952 

856 

2.527 

.10.8 

0.032 

2.495 

80.960 

3/27 

2,597 

869 

2.241 

37.6 

0.097 

2.144 

83.104 

3/30 

4,425 

837 

3.704 

47.3 

0.209 

3.495 

86.599 

4/1 

3,009 

813 

2.446 

68.4 

0.206 

2.240 

88.839 

4/3 

2,952 

814 

2.403 

93.4 

0.276 

2.127 

90.966 

4/6 

4,129 

849 

3.506 

88.4 

0.365 

3.141 

94.107 

4/8 

2,623 

887 

2.327 

137 

0.359 

1.968 

96.075 

4/13 

2,634 

856 

2.255 

87.5 

0.230 

2.025 

98.100 

4/15 

1,847 

857 

1.583 

87.5 

0.162 

1.421 

,  99.521 

4/17 

2,339 

842 

1.969 

76.5 

0.179 

1.790 

101.311 

4/20 

3,459 

831 

2.874 

78.8 

0.273 

2.601 

103.912 

4/24 

5,579 

876 

4.887 

251 

1.400 

3.487 

107.399 

4/27 

3,762 

847 

3.186 

141 

0.530 

2.656 

110.055. 

4/29 

2,222 

820 

1.822 

223 

0.496 

1.326 

111.381 

5/1 

2,702 

804 

2.172 

301 

0.813 

1.359 

112.740 

5/4 

4,364 

812 

3.544 

350 

1.527 

2.017 

114.757 

5/6 

2,842 

•  848 

2.410 

400 

1.137 

2.010 

116.767 

APPENDIX  E-3 

DIMP  REMOVAL  BY  CALGON  SERVICE  CARBON  . 


INITIAL  FINAL 

OONCEN.  CONCEN.  GRAMS  REMOVED 


DATE 

FLCW 

AVG.  pg/1 

g  IN 

pg/1 

g  OUT 

INCREMENTAL 

OM3LATIVE 

1/16 

1 

1,170 

813 

0.951 

<10 

0 

0.951 

0.951 

2/11 

37,880 

933 

35.342 

<10 

0 

35.342 

36.293 

2/17 

8,706 

743 

6.469 

<10 

0 

6.469 

42.762 

2/20 

2,782 

760 

2.114 

<10 

0 

2.114 

44.876 

2/23 

5,038 

818 

4.121 

16.3 

0.082 

4.039 

48.915 

2/25 

2,778 

804 

2.234 

44.5 

0.124 

2.11 

51.025 

2/27 

2,714 

851 

2.310 

21.4 

0.058 

2.252 

53.277 

3/2 

3,107 

968 

3.008 

32 

0.099 

2.909 

56.186 

3/9 

9,027 

869 

7.844 

84.9 

0.766 

7.078 

63.264 

3/11 

3,327 

809 

2.692 

263 

0.875 

1.817 

65.081 

3/13 

2,831 

818 

2.316 

259 

0.733 

1.583 

66.664 

3/17 

3,020 

804 

2.428 

254 

0.767 

1.715 

68.379 

3/20 

4,357 

824 

3.590 

364 

1.586 

2.004 

•70.383 

3/23 

3,005 

854 

2.566 

297 

0.892 

1.674 

72.057 

3/25 

3,028 

856 

2.592 

392 

1.187 

1.405 

73.462 

3/27 

2,835 

869 

'2.464 

457 

1.296 

1.168 

74.63 

3/30 

3,391 

837 

2.838 

433 

1.468 

1.37 

76.0 

4/1 

3,009 

813 

2.446 

620  ■ 

1.866 

0.58 

76.58 

4/3 

2,998 

814 

2.440 

821 

2.461 

0.0 

76.58 

4/6 

3,955 

849 

3.358 

811 

3.208 

0.15 

76.73 

4/8 

2,941 

887 

2.609 

839 

2.467 

0.142 

76.872 

